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ABSTRACT 


Measurements  of  the  infrared  radiation  in  the  7.8  to  20  micron 
region  from  a  number  of  military  and  commercial  ships  was  made  on 
three  hazy  days.  Ranges  varied  from  2500  to  15,000  yards.  No 
radiation  could  be  detected  at  wavelengths  of  1.73  -  3.33  microns, 
3.3  to  4.2  microns  or  2.3  to  5  microns. 


PROBLEM  STATUS 

This  is  an  interim  progress  report;  work  on  this  problem 
is  continuing. 


AUTHORIZATION 

NRL  Problem  73R02-47 
Project  Number  SF-010-02-01-9292 
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INTRODUCTION 

This  report  describes  infrared  radiation  measurements  of 
ships  of  opportunity  made  from  the  Naval  Ordnance  Test  Facility, 
Battery  Worcester,  Port  Story,  Virginia. 

The  data  were  taken  with  a  Barnes  Radiometer  Model  12-122 
on  6,  6,  7*  December  1966  during  the  hours  0715  and  1700.  No 
data  were  taken  after  sunset  since  identification  of  targets 
could  not  be  made. 

Additional  tests  of  a  more  detailed  nature  are  planned  in 
the  near  future. 

The  radiometer  was  located  about  50  feet  above  sea  level  so 
that  the  distance  to  the  horizon  was  15,000  yards.  Ships  approach¬ 
ing  from  the  south  and  southeast  shipping  lanes  were  viewed  from  a 
bow  or  slightly  port  aspect  as  they  appeared  on  the  horizon.  Those 
approaching  from  the  north  were  obscured  by  land  until  within  a 
few  thousand  yards  and  were  nearing  a  starboard  broadside  aspect 
as  they  approached  the  line  of  sight. 

There  was  no  direct  sunshine  during  the  three  days; 
visibility  was  limited  to  10  miles  or  less  and  at  times  the 
atmosphere  was  very  hazy. 

TARGETS 

Military  targets  observed  were  the  Destroyer  943,  Coast 
Guard  Cutter  W165,  Heavy  Cruiser  1,  LST  1160,  Command  Ship  2, 
Submarine  523,  and  Fleet  Oiler  99.  Commercial  carriers  were 
mainly  freighters  and  cargo  ships. 

The  Destroyer  943  Blandy  is  a  "Forest  Sherman  Class"  ship 
418  feet  long  with  two  stacks  and  2  steam  turbines.  The  Coast 
Guard  Cutter  W165  was  a  small  craft  about  125  feet  long.  The 
Heavy  Cruiser  1,  Boston,  is  listed  as  a  Guided  Missile  Cruiser, 
converted  Baltimore  Class  with  a  single  stack.  The  LST  1160, 
Traverse  County,  is  384  feet  long  with  a  single  stack  and  four 
diesel  engines.  The  Command  Ship  2,  Wright,  is  a  former  Aircraft 
Carrier  (CVL) .  The  fore  funnel  has  been  removed  leaving  three 
funnels.  The  Submarine  523,  Grampus,  is  a  "Tench"  Class  311  feet 


long  built  in  1944  and  fitted  with  a  snorkel.  The  Fleet  Oiler 
99  appeared  to  be  a  "T3-S2-A1"  Type  which  is  525  feet  long  and 
has  a  single  stack  near  the  stern. 


EQUIPMENT  AND  TEST  PROCEDURES 

The  Barnes  12-122  Radiometer  is  a  special  model  with  optics 
similar  to  the  present  R8T1.  The  collecting  system  has  an  8 
inch  diameter  parabola  with  a  thermistor  bolometer  at  the  focus. 
The  bolometer  window  is  KRS-5.  The  radiometer  was  modified 
because  the  ambient  background  signal  drove  the  recorder  below 
zero  under  most  conditions.  Also  provision  was  made  for  changing 
optical  filters. 

The  field  of  view  is  6.9  milliradians  square.  Thus,  at  a 
range  of  3000  yards  the  projected  field  of  view  is  a  square 
about  60  x  60  feet,  or  300  x  300  feet  at  15,000  yards. 

Considerable  noise  was  generated  when  the  radiometer  was 
trained  over  the  sky  or  water.  It  would  have  been  impossible 
to  scan  the  radiometer  over  the  target  and  distinguish  between 
background  signal  and  weak  signals,  hence  the  procedure  used  was 
to  aim  the  radiometer  in  front  of  the  target  and  allow  the 
target  to  pass  through  the  field  of  view,  recording  the  differen¬ 
tial  signal  during  the  passage.  The  training  telescope  was  not 
sufficiently  precise  to  determine  the  exact  center  of  the  field 
of  view  nor  does  it  contain  any  marks  to  delineate  the  field  of 
view.  The  radiometer  was  trained  on  the  targets  in  such  a  manner 
that  the  stack  was  always  included  in  the  field  of  view.  Under 
this  condition  the  background  was  nearly  always  above  the  horizon. 
The  background  temperature  did  not  differ  greatly  from  that  of 
the  water  since  the  atmosphere  was  so  hazy  that  the  sky  was  not 
actually  seen. 

The  Radiometer  was  calibrated  in  the  laboratory  using  an 
extended  black  body  source  at  temperatures  from  30  to  70  degrees 
Celsius.  The  reference  temperature  was  23  degrees.  These 
temperatures  are  higher  than  the  field  operating  temperatures 
but  it  would  not  be  practical  to  attempt  to  calibrate  the 
radiometer  at  a  lower  temperature.  All  of  the  temperatures  are 
within  a  region  where  the  response  of  the  thermistor  is  nearly 
linear  and  no  corrections  are  necessary. 


DISCUSSION  OF  RESULTS 
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The  following  information  is  tabulated  in  Table  Is 
Column  1,  Target?  Column  2,  Date  and  Time;  Column  3,  Range 
obtained  with  range  finder  or  estimated  from  position  of  ship 
in  shipping  lane?  Column  4,  Recorded  signal  in  volts?  Column  5, 
the  Electronic  Temperature  Offset,  i.e.,  the  voltage  required  to 
keep  the  recorder  on  scale  (this  was  always  positive  during  the 
tests) ?  Column  6,  the  wavelength  region?  Column  7,  the  number  of 
divisions  on  the  sighting  telescope  from  the  horizon  to  the 
ship's  water  line?  Column  8,  the  range  obtained  from  Column  7? 
Column  9,  the  irradiance  on  the  radiometer  mirror  from  the 
target;  Column  10,  Comments  on  weather  and  targets. 


The  irradiance  values  are  those  measured  by  the  radiometer 
and. are  not  corrected  for  atmospheric  transmission.  The  humidity 
during  the  tests  varied  from  60  to  81  percent  and  the  air 
temperature  from  6.6  to  12.5  degrees  Celsius.  The  amount  of 
precipitable  water  varied  from  0.45  to  0.88  cm  km-1. 

The  range  data  in  Table  I  are  not  complete  since  there  were 
not  enough  hands  available  during  the  tests  to  keep  complete 
records. 


The  data  which  were  transcribed  from  the  recorder  traces 
are  shown  in  Table  I.  No  attempt  was  made  to  determine  the 
ship  speeds,  but  in  general  they  appeared  to  be  traveling  at 
standard  speed.  The  ranges  quoted  are  not  very  accurate, 
having  been  arrived  at  by  devious  means.  A  telescope  with  a 
vertical  reticle  was  used  to  determine  ranges.  The  telescope 
was  leveled  and  the  horizon  at  15,000  yards  was  used  as  a 
reference  point.  The  reticle  was  then  calibrated  using  known 
ranges  to  buoys  which  were  taken  from  a  chart.  A  leg  of  the 
telescope  tripod  was  invariably  kicked  at  a  critical  moment 
which  accounts  for  missing  ranges.  A  one-meter  split-field 
range  finder  was  also  available  but  the  accuracy  was  rather 
poor  at  the  ranges  required*  The  location  of  the  shipping 
lanes  on  the  chart  also  served  as  a  reference. 

Virtually  all  the  data  of  Table  I  were  taken  using  a  filter 
with  a  band  pass  of  from  7.8  to  20  microns.  On  three  occasions 
other  filters  were  tried  with  negative  results.  The  other 
filters  had  band  widths  of  1-3  microns,  3-4  microns,  and  2-5 
microns.  Without  a  filter  the  response  of  the  instrument  was 
about  0.7  -  20  microns.  Essentially  the  same  responsewas  obtained 


with  the  7.8  -  20  micron  filter  as  with  no  filter  since  the  sky 
was  overcast  and  there  was  no  sunshine. 

As  seen  from  Table  I  a  differential  flux  of  1.4  x  lO-"^ 
watts  cm-2  was  received  from  the  Freighter  Vilano  in  the  2-5 
micron  band  at  a  range  of  4500  yards.  At  a  range  of  about  2500 
yards  the  irradiance  was  9.85  x  10~9  watts  cm-2  in  the  7.8  -  20 
micron  band.  The  minimum  detectable  irradiance  with  all  four 
filters  was  the  order  of  1-2  x  10"1°  watts  cm-2  with  the  climatic 
conditions  existing  at  the  time  of  the  measurement  and  provided 
one  knew  that  a  target  was  present. 

A  few  of  the  radiometric  traces  are  shown  in  Figs.  1-4. 
Figure  la  shows  an  outline  of  the  Boston  and  at  lb  the  correspond¬ 
ing  radiometric  trace  at  a  range  of  about  2500  yards  nearly 
broadside.  Figure  lc  shows  the  projected  size  and  approximate 
location  of  the  field  of  view.  An  electronic  band  width  of  6  hz 
was  used  during  this  run.  Most  of  the  other  runs  were  made  with 
a  band  width  (as  stated  by  the  manufacturer)  of  1/4  hz.  and  show 
no  high  frequency  noise.  There  was  no  discernible  difference  in 
the  traces  with  either  a  6  hz.  or  1/4  hz.  band  width  other  than 
the  elimination  of  the  "grass"  at  the  narrow  band  widths. 

In  Figs.  1-4,  the  scale  divisions  shown  correspond  to 
1.4  x  10“^  watts  cm-2. 

Figure  2a  is  a  very  crude  sketch  of  the  freighter.  Globe 
Progress.  Figure  2b  is  a  radiometric  trace  at  8000  yards  from 
a  bow-port  aspect.  Figure  2c  is  the  trace  obtained  at  about 
4000  yards  as  it  neared  a  broadside  aspect. 

Figure  3a  is  the  outline  of  the  Command  Ship,  Boston. 

Figures  3b  and  3c  are  the  radiometric  traces  at  ranges  of 
6  -  8,000  yards  and  3,000  yards  respectively.  The  squares  on 
Figs.  3b  and  3c  show  the  approximate  size  of  the  projected  field 
of  view  at  these  ranges. 

Figure  4a  is  a  crude  sketch  of  the  very  large  freighter, 
Amelia  Grimalder.  Figure  4b  is  the  radiometric  trace  at  a  range 
of  2.5  -  3000  yards. 

One  might  expect  that  at  4,000  yards  the  signal  would  be 
very  much  greater  than  at  8,000  yards  rather  than  the  small 
increase  shown  in  Fig.  3.  However,  there  are  many  factors  to  be 


4 


considered,  such  as  the  fact  that  the  target  does  not  fill  the  — ' 
field  of  view  in  either  case,  corrections  have  not  been  made  foS 
atmospheric  attenuation  and  the  ship  is  not  uniformly  heated. 

The  true  temperature  of  the  targets  cannot  be  determined 
from  data  observed  because  of  the  many  unknown  factors  such  as 
the  emissivity,  the  size  of  the  target  area  being  viewed, 
temperature  gradients  of  the  target,  and  atmospheric  attenuation. 
However,  it  is  of  interest  to  compute  an  "effective"  temperature 
differential  which  would  correspond  to  the  temperature  of  a  black 
body  which  fills  the  field  of  view  of  the  radiometer  and  produces 
a  signal  equivalent  to  that  of  the  target. 

Some  idea  of  the  range  of  "effective”  temperature  differentials 
involved  can  be  obtained  by  calculating  the  corresponding  to 

one  division  on  the  recorder  (see  Fig.  1)  and  assuming  the  ship 
is  a  black  body.  The  irradiance  H  at  the  radiometer  is  given  by 

H  =  ^  (T,4-  t24) 

where  O’  =  5.669  x  10-12  watts  cm-2  deg"4 
% 

0J-  field  of  view,  4.7  x  lO-5  steradians 
T-j^  =  Temperature  of  black  body,  degrees  K 
T2  =  Temperature  of  background,  degrees  K 
For  small  increments  of  T 

H  =  4<T6J  T3^T 

7T 

In  this  particular  case  the  background  temperature  was  not 
accurately  known  but  fortunately  an  error  of  several  degrees 
does  not  greatly  affect  the  value  of  ^T.  Assuming  a  value  for 
T  of  10  C  (283  K)  and  solving  for  ^2tT  gives  a  value  of  0.18^C. 

This  is  called  an  "effective"  temperature  since  the  stacks  of  ships 
are  obviously  much  more  than  0.18  above  the  background  temperature 
but  their  areas  are  small  compared  to  the  total  area  being  observed. 
This  effective  temperature  is  further  modified  by  the  emissivity 
of  the  ship  and  the  intervening  atmosphere. 


SUMMARY  AND  CONCLUSIONS 

On  several  dull  hazy  days  the  infrared  radiation  from  ships 
in  the  8  —  13  micron  window  could  be  measured  at  ranges  up  to 
15,000  yards  (the  horizon  distance).  With  more  sensitive  detectors 
radiation  might  possibly  have  been  measured  in  the  shorter  wave¬ 
length  windows. 

The  values  of  differential^irradiance  at  the  measurement 
site  ranged  from  10'8  watts  cm”  for  large  fighting  ships  and 
cruisers  at  2,500  yards  to  0.98  x  10-y  watts  cra^  for  small  30 
foot  fishing  boats  at  1500  yards. 

The  measurements  were  made  with  a  radiometer  using  a 
thermistor  chopped  at  40  hz.  The  noise  equivalent  power  density 
with  1/4  hz  band  width  was  approximately  5x1^  watts  cm 
and  the  noise  equivalent  temperature  3.5  x  10"  C. 

The  S/N  ratios  are  certainly  large  enough  to  permit  infrared 
homing  devices  to  track  on  all  of  the  targets  at  useful  ranges. 
However,  it  should  be  pointed  out  that  the  background  was  static 
during  the  measurements  and  had  the  background  been  scanned  the 
S/N  ratio  would  have  been  degraded. 

Further  measurements  are  recommended  and  planned  under 
different  climatic  conditions,  with  different  detectors  and  with 
efforts  to  evaluate  the  effect  of  scanning  the  background. 
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Table  I  (Continued) 

The  Irradiance  From  Ships  at  1500  to  15,000  Yards,  December  5,  6,  7,  1966 
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